Abstract: Triple negative breast cancer (TNBC) is a major global public health problem. The lack of targeted therapy and the elevated mortality evidence the need for better knowledge of the tumor biology. Hypoxia and aberrant glycosylation are associated with advanced stages of malignancy, tumor progression and treatment resistance. Importantly, serum deprivation regulates the invasive phenotype and favors TNBC cell survival. However, in TNBC, the role of hypoxia and serum deprivation in the regulation of glycosylation remains largely unknown. The effects of hypoxia and serum deprivation on the expression of glycosyltransferases and glycan profile were evaluated in the MDA-MB-231 cell line. We showed that the overexpression of HIF-1α was accompanied by acquisition of epithelial-mesenchimal transition features. Significant upregulation of fucosyl-and sialyltransferases involved in the synthesis of tumorassociated carbohydrate antigens was observed together with changes in fucosylation and sialylation detected by Aleuria aurantia lectin and Sambucus nigra agglutinin lectin blots. Bioinformatic analysis further indicated a mechanism by which HIF-1α can regulate ST3GAL6 expression and the relationship within the intrinsic characteristics of TNBC tumors. In conclusion, our results showed the involvement of hypoxia and serum deprivation in glycosylation profile regulation of TNBC cells triggering breast cancer aggressive features and suggesting glycosylation as a potential diagnostic and therapeutic target.
Introduction
Breast cancer is the second most common cancer worldwide, accounting for 25% of all female cancer incidences (Ferlay et al., 2015) , and is responsible for the highest number of pathology-related deaths in women. Differences in the phenotype and expression of certain proteins in breast cancer subtypes reflect the heterogeneity of these tumors resulting in important consequences for disease progression, treatment response and patient outcome (Perou et al., 2000; Chikarmane et al., 2015) . The triple negative breast cancer (TNBC) subtype is the most aggressive form of breast cancer, occurring frequently in young women and presenting the poorest overall survival. TNBC accounts for 12% of all breast cancers diagnosed and due to the lack of expression of the key receptors, estrogen, progesterone and human epidermal growth factor receptor 2, targeted therapies are currently unavailable (Foulkes et al., 2010; Howlader et al., 2014) .
Present in 25-40% of metastatic breast cancers, intratumoral hypoxia is associated with epithelial-mesenchymal transition (EMT), invasion, metastasis, resistance to chemotherapy and radiotherapy, recurrence and consequently, poor prognosis (Lundgren et al., 2007; Semenza, 2012; Wang et al., 2014b) . Furthermore, hypoxia together with nutrient deprivation, a common characteristic of locally advanced tumors, favor aggressive cancer phenotypes by influencing specific signaling pathways regulating cell proliferation and survival, adaptive immune responses, cell metabolism and eventually metastasis (Badr et al., 2015; Jung et al., 2015a,b; Marchiq and Pouysségur, 2016) . In TNBC cells, hypoxia response is often triggered by HIF-1α accumulation and nuclear translocation leading to the aforementioned phenotypes (Wang et al., 2014a,b) . Thus, the analysis of the effects of hypoxia and serum deprivation may be promising for the discovery of new therapeutic targets for TNBC.
Glycosylation changes are a universal feature of malignant transformation and tumor progression (Pinho and Reis, 2015) . In the TNBC subtype, the expression profile of several glycosyltransferases was correlated with clinical and survival data (Ashkani and Naidoo, 2016) , and alterations in N-and O-glycosylation patterns have been suggested as markers for prognostic and treatment stratification of breast cancer patients (Milde-Langosch et al., 2014; Potapenko et al., 2015) . Recently, Greville and collaborators suggested that the induction of a metabolic shift could alter breast cancer glycosylation through increased availability of sugar nucleotides, as well as epigenetic and HIF-1α mediated regulation of glycogenes (Greville et al., 2016) . Thus, identifying a possible link between hypoxia and the regulation of the glycosylation.
Moreover, alterations in glycosylation studied under serum deprivation, an approach commonly used to mimic the insufficient nutrients supply observed in several solid tumors, was identified as a cancer cell survival strategy (Britain et al., 2017) . Despite several studies reporting different roles of serum deprivation, such as the regulation of mRNA transcription (Nutt and Lunec, 1996; Mahmoodi et al., 2015) , induction of invasive phenotype (Reshkin et al., 2000; Ye et al., 2013) , evasion of apoptosis (Jung et al., 2015b) or chemoresistance (Yakisich et al., 2017) , the effects on the regulation of the glycosylation have hardly been explored.
Considering the pivotal role of hypoxia in cancer glycosylation (Koike et al., 2004; Belo et al., 2015; Peixoto et al., 2016) as well as the effects of serum deprivation in TNBC progression (Ye et al., 2013; Jung et al., 2015b) , we decided to investigate the alterations in the main fucosyl-and sialyltransferases involved in tumor associated carbohydrate antigens' biosynthesis after submitting the TNBC cell line MDA-MB-231 to hypoxia and serum deprivation. Moreover, we evaluated in silico the expression of these glycosyltransferases in TNBC tumors. Finally, we investigated a possible mechanism involved in the regulation of these fucosyl-and sialyltransferases.
Results

Hypoxia and serum deprivation induce morphological changes and epithelialmesenchymal transition of breast cancer cells
In order to validate our hypoxic system, we evaluated the activation of the hypoxia marker HIF-1α in MDA-MB-231 breast cancer cell line when cells were subjected to hypoxia. Cells were exposed to either hypoxia (1% O 2 ) or normoxia (21% O 2 ) for 48 h. Our analysis showed a striking increase of HIF-1α after 48 h of exposure to hypoxia in relation to normoxia. This increase was more marked when cells were subjected to both hypoxia and serum deprivation (Supplementary Figure 1A) . In addition to a general increase, the transcription factor HIF-1α translocated from the cytoplasm into the nucleus as a response to hyopoxia (Supplementary Figure 1B) .
In addition, a morphological characterization of cells subjected to hypoxia and serum deprivation was performed. Immunostaining of α-tubulin showed that cells under hypoxia/serum deprivation conditions acquired larger intercellular spaces and a more elongated shape ( Figure 1A ), when compared with cells under normoxia or serum supplementation (Han et al., 2015) .
The morphology alterations observed together with the literature describing the role of hypoxia in promoting EMT , we further characterize our cell model with key EMT markers. The expression of the eptihelial marker E-cadherin, an important cell-cell adhesion protein, showed a striking decrease under hypoxic and serum deprivation conditions ( Figure 1B) . Concomitantly, the mesenchymal marker vimentin was abundantly expressed in MDA-MB-231 cells under hypoxic conditions ( Figure 1C ). Cells subjected to serum deprivation and hypoxia (H0) showed the most defined EMT, altogether confirming the transition to a more aggressive phenotype of the cells subjected to stress conditions. Despite the aforementioned morphological alterations, no major alterations in cell viability were observed under any of the studied conditions ( Figure 1D ).
Fuscosyltransferase transcription analysis of breast cancer cells under hypoxia and serum deprivation
In order to evaluate the glycosyltransferase status of the cells subjected to hypoxia and serum deprivation, we performed a broad transcription analysis of the main fucosyltransferases, including the ones involved in the formation of tumor associated carbohydrate antigens. Our results showed that after 48 h of exposure to hypoxia and serum deprivation, significant changes of FUT1, FUT2, FUT3, FUT5, FUT6, FUT7 and FUT11 gene expression occurred in MDA-MB-231 cells (Figure 2) . Most of the alterations were upregulations with hypoxia and serum deprivation presenting the strongest changes, suggesting a cumulative effect. An exception were FUT4 and FUT10, in which hypoxia led to an expressional upregulation but a downregulation in serum deprivation. The fucosyltransferase FUT8, responsible for core fucosylation, did not show significant changes.
Sialyltransferase transcription analysis of breast cancer cells under hypoxia and serum deprivation
Similar to fucosyltransferases, hypoxia with and without serum deprivation induced alterations in the expression of sialyltransferases. In MDA-MB-231 cells, hypoxia and serum deprivation induced a significant upregulation of ST3GAL3, ST3GAL4, ST3GAL6, ST6GALNAC1 silalyltransferases ( Figure 3 ). Whereas ST6GALNAC5 shows consistent downregulation in hypoxia, ST6GALNAC2 exhibits a complex expression profile, being downregulated under serum deprivation with normoxia but upregulated under serum deprivation with hypoxia.
Our data demonstrates that the expression signature of fucosyl-and sialyltransferases was extensively affected by hypoxia and serum deprivation conditions.
Bioinformatic analysis of transcriptomic data
The previously described expressional changes of fucosyltransferases and sialyltransferases are particularly interesting when the intrinsic expression status of the respective genes of MDA-MB-231 is taken into account. For this purpose, the relative expression levels of fucosyl-and sialyltransferases of MDA-MB-231 were compared with 55 other breast cancer cell lines transcriptionaly analyzed by Barretina et al. (2012) . First, the TNBC cell lines were grouped and compared to the remaining breast cancer cell lines to identify the pattern expression of the selected glycosyltransferases. Then, the glycosyltransferase genes that were cell line intrinsically down-or overexpressed were identified ( Figure 4A ). This data complements the alterations observed under hypoxic or serum deprivation conditions. In this regard, FUT5 and ST3GAL6 were innately overexpressed glycosyltransferases of MDA-MB-231. The cumulative and highly significant further upregulation of FUT5 and ST3GAL6 in hypoxia and under serum deprivation foreshadows therefore a strong effect on the cellular glycosylation. Interestingly, the high expression levels of FUT5 and ST3GAL6 of the TNBC cell line MDA-MB-231 are a typical feature of TNBC tumors of patients ( Figure 4B ).
Hypoxia and serum deprivation induces altered glycosylation of breast cancer cells
The glycoprofile of MDA-MB-231 cells was studied to address whether the changes found at the transcriptomic level were translated into different glycosylation of proteins. For this purpose, cells were cultured under the different conditions for 72 h. Analysis with Sambucus nigra agglutinin (SNA) confirmed a significant increase of α2,6 protein sialylation in both hypoxic conditions (H10 and H0) in agreement with the strong increase observed in ST6GALNAC1 and ST6GALNAC2 expression by quantitative real-time polymerase chain reaction (RT-qPCR) ( Figure 5A ). Evaluation with the Aleuria aurantia lectin (AAL) showed that hypoxia and serum deprivation did not promote alterations in the total amount of protein fucosylation after 72 h (data not shown). Considering that glycosylation is a post-translational modification and that changes in the glycan expression require the translation of the glycosyltransferases, we hypothesized that 72 h of the experimental condition could be a limiting time for the glycosylation machinery to display these differences. For this reason, we evaluated fucosylation after subjecting the cells to hypoxia and serum deprivation for 6 days. Indeed, differences were displayed by AAL especially striking in serum deprived conditions, which is in accordance with the transcription expression displayed by FUT5 and FUT6 ( Figure 5B ). Altogether these results show that the complex regulation of fucosyl-and sialyltransferase expression induced by hypoxia and serum deprivation modulate the cellular glycosylation and might thereby contribute to a more aggressive phenotype of TNBC cells.
Hif-1α transcription factor interacts with glycosyltransferase promoters
To understand the mechanism by which hypoxia modulates the expression of glycosyltransferases, we evaluated the transcriptional activation of the sialyltransferase ST3GAL6. The chromatin immunoprecipitation sequencing (ChIP-seq) information from the GTRD database revealed the presence of at least four DNA-binding motifs for HIF-1α and its partner HIF-1β (ARNT) in the promoter region of ST3GAL6 gene. This region also correlated with the presence of the transcription promoting histone marker H3K4me3 for the opening of the chromatin and the activation of gene transcription (polymerase II) ( Figure 6 ). 
Discussion
Here, we present a systematic study on transcriptional changes of fucosyl-and sialyltransferases under hypoxic and serum deprived conditions in the TNBC cell line MDA-MB-231. We further demonstrate that the induction of the HIF-1α cascade leads not only to the expression of EMT markers but also to marked changes in cellular glycosylation.
HIF-1α is known to be involved in the aggressive phenotype of TNBCs, with high expression levels associating with worse prognosis and increased metastatic potential (Jeon et al., 2013; Wang et al., 2014a) . Here, we present that the increase in total HIF-1α and its translocation to the nucleus appears to be a corner stone for the transcriptional alteration of fucosyl-and sialyltransferases ultimately resulting in a change in cellular glycosylation. Among the observed changes in glycosyltransferase expression, the upregulation of ST3GAL6 was the most prominent. The observed significant upregulation of ST3GAL6 in MDA-MB-231 under hypoxic and serum deprived conditions stood out as the cell line showed already comperatively high basal expression levels of this gene. Here, we have described that the promoter region of ST3GAL6 has four HIF-1α binding sites, suggesting ST3GAL6 as a major responsive gene in hypoxia and stress response in TNBC. This is further underlined by the significant higher expression of ST3GAL6 in TNBC tumors compared to the other breast cancer subtypes.
Our results were in agreement with other studies, showing that HIF-1α is essential for the dynamic transition of breast cancer tumorigenic states (Kuo et al., 2016) and involved in the breast cancer aggressiveness and tumor resistance by epigenetic regulation of glycosylationrelated genes (Greville et al., 2016 ). In addition, several studies have shown that the morphological changes occurring during EMT are accompanied by a metabolic shift towards glucose metabolism reprograming and aberrant glycosylation Lucena et al., 2016; Carvalho et al., 2018) .
Although it has long been known that poor availability of nutrients widely exists in breast cancer due to insufficient blood supply (Vaupel and Hockel, 2000) , the effects of serum deprivation in the glycosylation of breast cancer cells are poorly understood. In this context, the present work sets the basis for the comprehension of the impact of hypoxia and serum deprivation in glycosylation of TNBC cell model. It is important to highlight that the conjunction of hypoxia and serum deprivation is a culture condition mimics the in vivo tumor microenvironment where nutrient deprivation and hypoxia co-exists (Jung et al., 2015a,b; Wu et al., 2015) .
Our results showed for the first time, that hypoxia together with serum deprivation in breast cancer cells led to morphological alterations in the cytoskeleton organization. Moreover, these changes were accompanied with reduced expression of E-cadherin concomitant with an increased expression of vimentin. Similar alterations were observed in previous studies that showed EMT activation and increased invasion and spread under hypoxia and serum deprivation conditions (Wang et al., 2014b; Jung et al., 2015b; Kondavetti et al., 2015; Peixoto et al., 2016) . Further investigation will be needed to fully understand the mechanism by which the metabolic reprogramming Transcription factor binding sites in promoters of the differentially expressed ST3GAL6 gene were analyzed using known DNA-binding motifs described in the JASPAR database (Khan et al., 2018) . ChIPseq experiment information for HIF-1α was collected and analysed from GTRD database (v18.01) (Yevshin et al., 2017) . ChIP-seq binding signal (blue bars) for HIF-1α::ARNT was detected in the promoter region of the ST3GAL6 gene. Presence of the transcription factor HIF-1α is correlated with opening of chromatin (H3K4me3) and activation of gene transcription (Pol II), indicating a possible regulatory mechanism for those genes under hypoxic conditions. Information for H3K4me2, H3K27me3, Pol II and the higher content of GCs in the promoter region (dark red) were extracted from Emsembl 92 release 2018 (www.ensembl.org). TSS, Transcription start site. may be involved in the EMT transition induced by hypoxia and serum deprivation in TNBC.
A hypoxia-induced EMT breast cancer model showed that the abnormal glycosyltransferase expression was involved in the cell migration and expression of EMT markers regulation . These results are in agreement with our morphological changes and results obtained by RT-qPCR results for key glycogenes. The importance of the Warburg effect for TNBC cells (Choi et al., 2013; Kim et al., 2013) , leads us to speculate that the upregulation of fucosyl-and sialyltransferases in MDA-MB-231 cells by hypoxia and serum deprivation may be involved in the cell adaptation to metabolic stress conditions. In agreement with this hypothesis, Jones and collaborators reported an association between altered expression of ST6Gal1 sialyltransferase and increased mRNA levels of glucose transporters under hypoxia in ovarian and pancreatic cancer cells (Jones et al., 2018) .
The relevance of the glycosyltransferase gene signature for cancer classification and survival was previously reported (Ashkani and Naidoo, 2016) . We observed a significant induction of the FUT1/2 expression under hypoxia together with serum deprivation in MDA-MB-231 cells. Although little is known about the regulation of α1,2-fucosylation, there are evidences that metastatic capacity and hypoxia may be associated to the increased expression of FUT1/2 (Mejías- Luque et al., 2007; Zi et al., 2013; Belo et al., 2015) .
We also reported altered expression profiles of α1,3/4-fucosyltransferases and α2,3-sialyltransferases under the applied stress conditions. The role of α1,3/4-fucosylation and α2,3-sialylation are commonly linked in tumor progression and metastasis through the expression of sialyl Lewis antigens, which are related to evasion of immune cell recognition and to cell extravasation (Higai et al., 2006; Cazet et al., 2010; Julien et al., 2011; Monzavi-Karbassi et al., 2013; Shirure et al., 2015; Natoni and O'Dwyer, 2016; Carrascal et al., 2017) . In addition we also demonstrated that hypoxia and serum deprivation induces upregulation of the α2,6-sialyltransferases ST6GALNAC1 and ST6GALNAC2. This increased gene expression was reflected in increased α2,6-sialylation as demonstrated by SNA lectin. The aberrant increase of α2,6-sialylation is described to promote tumor cell survival and metastasis (Zhuo and Bellis, 2011; Schultz et al., 2012) . Remarkably, Britain and collaborators demonstrated a protective effect of the increased α2,6-sialylation to serum withdrawal (Britain et al., 2017) .
The sialyltransferase ST6GalNAc1 shows very low expression levels in healthy mammary glands as well as in most carcinoma cell line models of the breast (Julien et al., 2001 ). However, STn, the glycan product of ST6GalNAc1, is observed in around 30% of all breast carcinomas and more frequently in estrogen-receptor negative tumors (Sewell et al., 2006; Julien et al., 2012) . We confirm here the baseline expression of ST6GALNAC1 of MDA-MB-231 under normal conditions and showed a more than 100-fold increase of ST6GALNAC1 under hypoxia and serum deprivation. This suggests that these adverse conditions may be a regulatory mechanism underlying STn expression in TNBC.
The majority of cancer biomarkers that are currently used in the clinical settings are glycoproteins, although their detection is mainly based in the protein backbone detection Henry and Hayes, 2012) . Indeed, there has been a great interest on finding novel biomarkers based on the glycan detection which lead to higher specificity and sensitivity. In most cancers, fucosylation and sialylation expression are found to be significantly modified, showing potential as predictive markers of poor outcome in breast cancer patients (Kyselova et al., 2008; Alley and Novotny, 2010; Aloia et al., 2015) . With this study, we provide evidences of the role of hypoxia, nutrient deprivation and glycosylation in TNBC biology, and we open a new window for future studies to discover biomarkers of prognosis and of treatment response, especially relevant for the TNBC which lacks specific target for personalized treatment.
In conclusion, the current study evidenced the involvement of hypoxia and serum deprivation in the regulation of fucosyl-and sialyltransferases concomitant with morphological changes and the induction of EMT. These results support that further analysis on the effect of hypoxic microenvironment and/or nutrient deprivation and their translation into specific glycan-related antigens, such as tumor associated carbohydrate antigens, are required.
Materials and methods
Cell culture
MDA-MB-231 (Triple negative, basal-like subtype) breast cancer cell line was obtained from the American Type Culture Collection (ATCC, USA). Cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) (Gibco, Life Technologies, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, Life Technologies) with medium renewal every 48 h. Cells were maintained at 37°C in a 5% CO 2 humidified atmosphere. Cultured cells were routinely tested for mycoplasma contamination by PCR amplification for mycoplasma pulmonis UABCTIP, mycoplasma penetrans HF-2 and mycoplasma synoviae 53. MDA-MB-231 identity was confirmed by STR profiling.
Hypoxic and serum deprivation conditions
After three generations, MDA-MB-231 cells were incubated for the corresponding time-points at 37°C under the following conditions: normoxia (21% O 2 /94.7% N 2 /5% CO 2 ) in DMEM 10% FBS -control group (N10); normoxia (21% O 2 /94.7% N 2 /5% CO 2 ) in DMEM/without FBS -N0 group; hypoxia (1% O 2 /94.7% N 2 /5% CO 2 ) in DMEM/10% FBS -H10 group; and hypoxia (1% O 2 /94.7% N 2 /5% CO 2 ) in DMEM/without FBS -H0 group. For hypoxia, a BINDER C-150 incubator (BINDER GmbH, Tuttlingen, Germany) was used.
Cell viability assay
The effect on cell viability produced by hypoxia and FBS deprivation was determined by cell proliferation assay (CellTiter 96 ® AQueous One Solution Cell Proliferation Assay, Promega, Madison, WI, USA). Briefly, 3000 cells per well were seeded in 96-well plates for 24 h. Then, cells were PBS washed and subjected to normoxia or hypoxia containing DMEM or DMEM supplemented with 10% FBS. Cell viability was assessed after 48 h by adding 20 μl of MTS to the medium, incubated for 2 h and read at 490 nm in an automated microplate reader (BioTek, Winooski, VT, USA). Three replicates for each condition were used. Two independent experiments were conducted.
RNA isolation, cDNA synthesis and RT-PCR analysis
Forty-eight hours after incubation under N10, N0, H10 and H0 conditions, total RNA was extracted using TRIzol Reagent (SigmaAldrich, St. Louis, MI, USA). Three micrograms of RNA were reverse transcribed with random primers using the SuperScript ® IV Reverse Transcriptase Kit (Invitrogen, Carlsbad, CA, USA). RT-qPCR was performed with diluted cDNA (20-fold), 10 μm of each primer, 5 μl SYBR ® Green Master Mix (1X) (Thermo Fisher Scientific; former Savant, Waltham, MA, USA) and ultrapure water to a final volume of 10 μl using the ABI 7500 (Applied Biosystems, Foster City, CA, USA). The primers used are listed in Supplementary Table 1 . Normalization of target gene abundance was performed with ACTB/ PPIA. Two independent experiments and three technical replicates per condition were performed.
Immunofluorescence
Cells were grown on coverlips under the different experimental conditions. Then, cells were fixed with 4% paraformaldehyde (Alfa Aesar, Haverhill, MA, USA) or methanol (Fisher Scientific, Waltham, MA, USA) at RT for 20 min and permeabilized with 0.5% triton X-100 in PBS at 4°C for 10 min, and blocked in 20% normal goat non-immune serum (Dako, Agilent, Santa Clara, CA, USA) in PBS, 10% BSA. Then, primary antibodies incubation was performed overnight at 4°C, washed with PBS and incubated with the corresponding fluorescently-labeled secondary antibody for 1 h at RT. After washing, cell nuclei were stained with 1 g/ml of 4′,6-diamidino-2-phenylindole (DAPI) for 15 min at RT. Coverslips were mounted in VectaShield (Vector Laboratories, Burlingame, CA, USA) and visualized under a fluorescent microscope (Zeiss Axio Imager Z1 Apotome). The antibodies and concentrations used are listed in Table 1 .
In silico transcription analysis
The log2 median centered gene expression data of human cancer cell lines and breast cancer patients were extracted from the OncomineTM platform (www.oncomine.org) (Rhodes et al., 2004) . The gene expression profile analysis of the cell lines was performed as described before (Duarte et al., 2017) . Briefly, gene expression values of 913 human cancer cell lines of the Barretina CellLine data set (Barretina et al., 2012) were extracted and each gene's expression value was normalized into values between 0 and 100. The median for each normalized gene probe was determined among the 54 human breast cancer cell lines and among the 25 TNBC cell lines. We defined the normal expression range for each gene transcript as the median ±10. The Curtis Breast dataset comprising 1989 human breast carcinomas was used for the gene expression analysis of primary tumors of breast cancer patients (Curtis et al., 2012) .
Immunoblotting
Total cellular proteins were extracted and quantified using the DC protein assay (BioRad, Hercules, CA, USA). Equal amounts of cellular protein lysates were electrophoresed on SDS-PAGE gel and transferred to nitrocellulose membranes (GE Healthcare Life Sciences, Chicago, IL, USA). The membranes were blocked in 5% non-fat milk in TBS 0.1%Tween 20 (TBST) before incubation with primary antibodies, or in 2% polyvinylpyrrolidone (PVP) (Sigma-Aldrich, St. Louis, MI, USA) in TBS prior to incubation with biotinylated lectins. After washing, the membranes were incubated with secondary antibodies or streptavidin conjugated with horseradish peroxidase. ECL-plus (GE Healthcare) was used as a developer. The antibodies and lectins specifications and the concentrations used are listed in Table 1 . SNA specificity was tested by comparing the lectin reactivity of a neuraminidase-digested (neuraminidase from Clostridium perfringens, Sigma-Aldrich) sample with their non-treated control ( Supplementary Figure 2) .
Analysis of enriched transcription factor binding sites
The promoter region of ST3GAL6 gene was identified using the Ensembl regulatory elements (content of CpG methylation sites, polymerase II activation, presence of activated histone H3K4me3 and the inhibitory histone marker H3k27me2) (www.ensembl.org). Prediction of HIF1α::ARNT binding sites was performed using the software GTRD v18.01 (Yevshin et al., 2017) . GTRD provided the most complete collection of uniformly processed ChIP-Seq data to identify transcription factor binding sites for human. The GTRD aggregated ChIP-Seq data from GEO was reprocessed with an unified pipeline using four different peak calling tools (macs, gem, pics, sissrs) . The ChIP-seq signals identified for HIF1α::ARNT on the ST3GAL6 promoter region were aligned with CpG methylation sites, polymerase II, H3K4me3 and H3K27me2 to assist the definition of the activation or repression of the ST3GAL6 expression. The motif discovery for the ChIP-Seq peaks identified in the ST3GAL6 promoter was assessed using known DNA-binding motifs for HIF1α and HIF1β (ARNT) described in the JASPAR database (Khan et al., 2018) . The motifs are specified using position weight matrices that assign weights to each nucleotide in each position of the DNA binding motif for a transcription factor or a group of them.
Statistical analysis
Student's t-test and one-way analysis of variance (ANOVA) were performed to evaluate the statistical difference using GraphPad Prism (version 6) software. p ≤ 0.05 values were considered significant ( * ), p ≤ 0.01 ( * * ), p ≤ 0.001 ( * * * ) and p ≤ 0.0001 ( * * * * ).
